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Different string theories in twistor space have recently been proposed for describing
N = 4 super-Yang-Mills. In this paper, my Strings 2003 talk is reviewed in which a string
theory in (x, θ) space was constructed for self-dual N = 4 super-Yang-Mills. It is hoped
that these results will be useful for understanding the twistor-string proposals and their
possible relation with the pure spinor formalism of the d = 10 superstring.
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1. Motivation
At the present time, the only quantizable description of the superstring in an AdS5×S5
background uses the pure spinor formalism of the superstring [1][2].2 When the AdS radius
goes to zero, this string theory is conjectured to describe perturbative N = 4 super-Yang-
Mills [5]. But because the string theory becomes a strongly coupled sigma model when the
AdS radius goes to zero, it has not yet been possible to test this conjecture directly using
the pure spinor formalism. Perhaps the integrable currents found in [6] will be useful for
connecting the large and small radius limits of the string theory.
Although one cannot yet directly study the small radius limit of the closed superstring
in an AdS5×S5 background, it might be possible to guess the structure of the string theory
using the knowledge that it should describe N = 4 d = 4 super-Yang-Mills theory. By
analogy with the Gopakumar-Vafa duality [7] where closed strings on the conifold are dual
to open strings on S3 for Chern-Simons theory, one might expect this N = 4 super-Yang-
Mills theory to be described by an open string theory.
As was described at Strings 2003, one can construct an open string theory for self-dual
N = 4 d = 4 super-Yang-Mills which closely resembles the d = 10 pure spinor formalism.
Unlike the recent string theories constructed in twistor space [8], this string theory is
constructed in (x, θ) space and only describes the self-dual super-Yang-Mills interactions.
However, this string theory contains bosonic spinor worldsheet variables which might be
related to the recent twistor-string constructions.
In section 2, the N = 2 string in d = (2, 2) target-space is reviewed using the N = 4
topological description which involves constant bosonic spinors. In section 3, it is shown
that these bosonic spinors can be treated as worldsheet variables if the d = 4 target space is
supersymmetrized to an N = 4 d = 4 target superspace. In section 4, this string theory is
related to a dimensional reduction of the d = 10 pure spinor formalism of the superstring.
In sections 5 and 6, vertex operators and scattering amplitudes are computed and shown to
correspond to self-dual N = 4 d = 4 super-Yang-Mills. And section 7 contains conclusions
and speculations.
2 Although one can semi-classically describe the superstring in an AdS5 × S
5 background
using the covariant Green-Schwarz formalism [3], this description is not fully quantum. Note
that even in a flat background, the covariant Green-Schwarz formalism has not yet been used
to compute superstring scattering amplitudes. Although the light-cone Green-Schwarz formalism
can be quantized in a flat background, there are subtleties with quantizing the light-cone gauge
formalism in an AdS background [4].
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2. Review of Open N=2 String
Although no open string theory (at the time of the Strings 2003 talk) was known
to describe N = 4 d = 4 super-Yang-Mills theory, there is an open string theory which
describes N = 0 self-dual Yang-Mills theory in d = (2, 2). This string theory is described
by the worldsheet action [9] [10][11][12]
S =
∫
d2z(
1
2
∂xaa˙∂¯xaa˙ + η
a˙∂¯ψa˙ + η¯
a˙∂ψ¯a˙) (2.1)
and the cˆ = 2 N=2 superconformal generators
T =
1
2
∂xaa˙∂xaa˙ +
1
2
(ηa˙∂ψa˙ − ψ
a˙∂ηa˙), (2.2)
G+ = ψa˙∂x1a˙, G
− = ηa˙∂x2a˙,
J = ηa˙ψa˙,
where a and a˙ are independent two-component SL(2,R) indices and (ηa˙, ψa˙) and (η¯a˙, ψ¯a˙)
are left and right-moving fermions. Physical states in N=2 string theory are defined as
dimension-zero U(1)-neutral primary fields with respect to these generators, and the only
physical state is
φ(x(z)) = eik
aa˙xaa˙(z)
where kaa˙kaa˙ = 0.
Computing the tree-level scattering amplitudes of these physical states, one finds that
φ(x) satisfies the classical equations of motion [10]
ǫa˙b˙∂1a˙(e
−φ∂2b˙e
φ) = 0, (2.3)
which describes a self-dual Yang-Mills field in the Yang description. Note that in the Yang
description, the self-dual gauge field Aaa˙ is defined non-covariantly in terms of φ as
A1a˙ = 0, A2a˙ = e
−φ∂2a˙e
φ, (2.4)
which implies that the anti-self-dual field strength
Fab = ǫ
a˙b˙(∂aa˙Abb˙ − ∂bb˙Aaa˙ + [Aaa˙, Abb˙]) (2.5)
vanishes when φ satisfies (2.3).
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Although the equation Fab = 0 is manifestly Lorentz covariant, one cannot obtain (2.3)
from a covariant action constructed from φ. A related problem is that loop amplitudes
for φ(x) computed using the N=2 string theory do not correspond to loop amplitudes of
self-dual Yang-Mills theory [12].
To make Lorentz invariance manifest, it is useful to construct a set of “small” N=4
superconformal generators out of the worldsheet variables as [13][14]
T =
1
2
∂xaa˙∂xaa˙ +
1
2
(ηa˙∂ψa˙ − ψ
a˙∂ηa˙), (2.6)
G+ = ψa˙∂x1a˙, G˜
+ = ψa˙∂x2a˙, G
− = ηa˙∂x2a˙, G˜
− = −ηa˙∂x1a˙,
J++ = ψa˙ψa˙, J = ψ
a˙ηa˙, J
−− = ηa˙ηa˙,
where “small” means there is an SL(2, R) set of dimension-one currents as opposed to an
SO(2, 2) set.
As shown in [14], one can describe this N=2 string as an “N=4 topological string”
by twisting ψa˙ to have spin zero and ηa˙ to have spin one, so that (G+, G˜+) have spin one
and (G−, G˜−) have spin two. Since the stress tensor has zero central charge after twisting,
there is no need to introduce super-Virasoro ghosts. Physical states are described by the
cohomology of the BRST operator
Q = λ1
∫
dzG+ + λ2
∫
dzG˜+ = λa
∫
dzψa˙∂xaa˙ (2.7)
where (λ1, λ2) are constants which parameterize the coset SL(2, R)/GL(1). This is a nat-
ural N=4 generalization of the N=2 topological string where physical states are described
by the cohomology of the BRST operator Q =
∫
dzG+.
One finds that the unique state in the cohomology of (2.7) is
V = λaψa˙Aaa˙(x)
where ǫa˙b˙(∂aa˙Abb˙ − ∂bb˙Aaa˙) = 0. So the vertex operator V describes self-dual Yang-Mills
in a Lorentz-covariant manner. However, using this N=4 topological description, tree
amplitudes involving V are not manifestly Lorentz covariant and loop amplitudes do not
correspond to those of self-dual Yang-Mills theory.
3
3. String Theory for Self-Dual Super-Yang-Mills
The lack of manifest Lorentz covariance is related to the fact that λa is a constant
parameter and not a worldsheet variable. So to restore Lorentz invariance 3, one should
treat λa as a worldsheet variable and define Q =
∫
dzλaψa˙∂xaa˙ . But since
G+(y)G˜+(z)→
J++(y) + J++(z)
2(y − z)2
,
Q2 is nonvanishing when λa is not constant and one needs to modify the BRST charge.
One possible modification is
Q =
∫
dz(λ1G+ + λ2G˜+ + eJ++ + hJ + ghost terms)
=
∫
dz(λaψa˙∂xaa˙ + eψ
a˙ψa˙ + fλ
a∂λa + h(−λ
awa + ψ
a˙ηa˙ + 2fe)) (3.1)
where (wa, f, g) are the conjugate antighosts for (λ
a, e, h). The Lorentz covariant world-
sheet action for these fields is
S =
∫
d2z(
1
2
∂xaa˙∂¯xaa˙+η
a˙∂¯ψa˙+w
a∂¯λa+e∂¯f+g∂¯h+ η¯
a˙∂ψ¯a˙+w¯
a∂λ¯a+ e¯∂f¯+ g¯∂h¯), (3.2)
and the desired effect of the fermionic ghosts (e, f) and (g, h) is to cancel the contribution
of the bosonic (wα, λ
α) ghosts to the BRST cohomology. This is plausible since the h
ghost couples in Q to the constraint J = −λawa + ψa˙ηa˙ + 2fe which generates projective
transformations of λa, and the f ghost couples to the constraint λa∂λa which fixes λ
2/λ1
to be constant. However, since J(y)J(z)→ 4(y − z)−2, Q2 = 4
∫
dz(h∂h) and the theory
is anomalous. Fortunately, as will now be shown, this anomaly can be cured by replacing
N = 0 self-dual Yang-Mills with N = 4 self-dual super-Yang-Mills.
As shown by Siegel in [15][18], one can describe self-dual super-Yang-Mills in super-
space by extending the xaa˙ spacetime variables to (xaa˙, θaj) superspace variables where
j = 1 to N . Note that one does not need to include θ¯a˙j¯ variables since the antichiral
superspace derivatives ∇¯a˙j¯ satisfy the trivial (anti)commutation relations
{∇¯a˙j¯ , ∇¯b˙k¯} = [∇¯b˙k¯,∇aa˙] = 0
3 Another approach to restoring Lorentz invariance is to introduce Chan-Paton factors which
describe different spacetime helicities and imply spacetime supersymmetry [15] [16]. See also [17]
for other approaches to restoring Lorentz invariance and supersymmetry.
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when the theory is self-dual. It will be convenient to combine the (xaa˙, θaj) variables into
a superspace variable
Y aJ = (xaa˙, θaj) (3.3)
where J = (j, a˙) is an OSp(N|2) vector index. The variable Y aJ is defined to transform
covariantly under SL(2, R) rotations of the a index and under OSp(N|2) rotations of the
J index. Just as (ηa˙, ψa˙) are the fermionic worldsheet superpartners of xaa˙, one can define
(bj, cj) to be the bosonic worldsheet superpartners of θaj. These worldsheet superpartners
of Y aJ can be described in OSp(N , 2) notation as
CJ = (ψa˙, cj), BJ = (ηa˙, bj). (3.4)
The open string for self-dual super-Yang-Mills will be defined by the worldsheet action
S =
∫
d2z(
1
2
∂Y aJ ∂¯YaJ+B
J ∂¯CJ+w
a∂¯λa+e∂¯f+g∂¯h+B¯
J∂C¯J+w¯
a∂λ¯a+e¯∂f¯+g¯∂h¯), (3.5)
the stress tensor
T =
1
2
∂Y aJ∂YaJ +B
J∂CJ + w
a∂λa + e∂f + g∂h, (3.6)
and the BRST operator
Q =
∫
dz(λaCJ∂YaJ + eC
JCJ + fλ
a∂λa + h(−λ
awa + C
JBJ + 2fe)), (3.7)
where the J index is raised and lowered using the OSp(N|2) metric which is symmet-
ric/antisymmetric when J = j/a˙. Note that the action is invariant under only an
SL(2) × OSp(N|2) subgroup of the full superconformal group PSU(2, 2|4). Also note
that the kinetic term is 1
2
∫
d2z∂Y aJ ∂¯YaJ =
1
2
∫
d2z(∂xaa˙∂¯xaa˙+∂θ
aj ∂¯θaj), so θ
aj satisfies
the non-holomorphic OPE’s
θaj(y, y¯)θbk(z, z¯)→ ǫabδjk log |y − z|2.
One can easily check that J = −λawa + CJBJ + 2fe now satisfies the OPE J(y)J(z) →
(4−N )(y − z)−2, so the theory is not anomalous when N = 4.
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4. Comparison with Pure Spinor Formalism
To show that the theory described by (3.5), (3.6) and (3.7) describes N = 4 self-dual
super-Yang-Mills, it is useful to first review the pure spinor formalism of the superstring
in a flat d = 10 background [1]. In a flat d = 10 background, the pure spinor formalism
for the superstring is described by the worldsheet action
S =
∫
d2z(
1
2
∂xm∂¯xm + pα∂¯θ
α + wα∂¯λ
α + p¯α∂θ¯
α + w¯α∂λ¯
α), (4.1)
the stress tensor
T =
1
2
∂xm∂xm + pα∂θ
α + wα∂λ
α, (4.2)
and the BRST operator
Q =
∫
dzλαdα (4.3)
where m = 0 to 9, α = 1 to 16,
dα = pα + γ
m
αβ∂xmθ
β −
1
2
(θγm∂θ)(γmθ)α
is the Green-Schwarz constraint, and λα is a pure spinor satisfying
λαγmαβλ
β = 0.
Massless d = 10 super-Yang-Mills states of the open superstring are described by the
unintegrated vertex operator
V = λαAα(x, θ) (4.4)
and by the integrated vertex operator
U = ∂θαAα(x, θ) + π
mAm(x, θ) + dαW
α(x, θ) +
1
2
(wγmnλ)Fmn(x, θ) (4.5)
where πm = ∂xm+θγm∂θ is the supersymmetric momentum, (Aα, Am) are the spinor and
vector gauge superfields satisfying
D(αAβ) = γ
m
αβAm, (4.6)
and Wα and Fmn are the spinor and vector field strength superfields. Although there is
no b ghost in this formalism, the integrated and unintegrated vertex operators are related
to each other by QU = ∂V .
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N -point tree amplitudes are computed in the pure spinor formalism by the correlation
function
A = 〈V1(z1)V2(z2)V3(z3)
∫
dz4U4(z4)...
∫
dzNUN (zN )〉 (4.7)
on a disk. Since the worldsheet action is quadratic, the only nontrivial aspect of comput-
ing this correlation function is the normalization of worldsheet zero modes. The correct
normalization is
〈(λγmθ)(λγnθ)(λγpθ)(θγmnpθ)〉 = 1, (4.8)
which is BRST invariant since (λγmθ)(λγnθ)(λγpθ)(θγmnpθ) is the unique state of ghost-
number three in the BRST cohomology. Recall that in bosonic string theory, c∂c∂2c is
the unique state of ghost-number three in the BRST cohomology and 〈c∂c∂2c〉 = 1 is the
correct normalization for zero modes on a disk. Furthermore, one can check that the field
theory action
S = 〈V QV + V 3〉 (4.9)
reproduces the standard d = 10 super-Yang-Mills action if one uses the normalization of
(4.8) and the string field V = λαAα(x, θ).
Since d = 10 super-Yang-Mills dimensionally reduces to N = 4 d = 4 super-Yang-
Mills (which has the same spectrum as N = 4 self-dual super-Yang-Mills), it is natural
to expect that the open string theory for N = 4 self-dual super-Yang-Mills is related to a
dimensional reduction of the d = 10 pure spinor formalism. This relationship can be made
more explicit by first decomposing the d = 10 spinors λα and θα for α = 1 to 16 into the
d = 4 SU(4) spinors (λaj , λ¯a˙j¯) and (θaj , θ¯a˙j¯) where (a, a˙) = 1 to 2 and (j, j¯) = 1 to 4. If
one then sets4
λaj = λacj , λ¯a˙j¯ = 0, (4.10)
the pure spinor constraint is satisfied and the BRST operator of (4.3) becomes
Q =
∫
dzλajdaj =
∫
dzλacj(paj + θ¯
a˙j¯∂xaa˙ + ...), (4.11)
where ... includes terms quadratic in θ¯a˙j¯ . After defining
ψa˙ = cj θ¯a˙j¯ (4.12)
4 A similar decomposition of pure spinors has recently been used in the interesting paper of
[19] to obtain d = 4 harmonic superspaces with N = 2, 3 or 4 supersymmetry.
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and recognizing that ∂θaj in the second-order action of (3.5) plays the role of paj in the
first-order action of (4.1), one can reexpress the BRST operator of (4.11) as
Q =
∫
dzλa(cj∂θaj + ψ
a˙∂xaa˙ + ...), (4.13)
which closely resembles (3.7). In the same sense that the pure spinor formalism can
be understood as covariant quantization of the Green-Schwarz superstring, the self-dual
formalism described by (3.7) can be understood as covariant quantization of the self-dual
Green-Schwarz superstring proposed by Siegel in [18].
5. Self-Dual Super-Yang-Mills Vertex Operators
By analyzing the cohomology of the BRST operator of (3.7), one finds a similar
structure to the massless cohomology in the pure spinor formalism. At ghost number one
(where the ghost-number charge is defined as
∫
dz(λawa + ef − gh)), the unique state in
the cohomology is described by the unintegrated vertex operator
V = λaCJAaJ (Y ) = λ
a(ψa˙Aaa˙(x, θ) + c
jAaj(x, θ)), (5.1)
where AaJ satisfies
∂aJAbK − (−1)
s(K)∂bKAaJ = ǫabFJK (5.2)
and s(K) = 1/0 when K is j/a˙. Although there is no b ghost, one can define the integrated
vertex operator by QU = ∂V and one finds that
U = ∂Y aJAaJ (Y ) +B
JCKFJK(Y ). (5.3)
Note the close resemblance of equations (5.1)- (5.3) to equations (4.4)- (4.6) in the pure
spinor formalism.
To see that these vertex operators describe self-dual super-Yang-Mills, note that (5.2)
is the supersymmetrization of the N = 0 self-dual Yang-Mills relation [∇aa˙,∇bb˙] = ǫabFa˙b˙.
In components, AaJ can be gauge-fixed to
Aaa˙ = aaa˙ + θ
j
aξ¯a˙j + θ
j
aθ
bk∂ba˙φ
lmǫjklm + θ
j
aθ
bkθcl∂ba˙ξ
m
c ǫjklm + (θ
4)bcda ∂ba˙Gcd, (5.4)
Aaj = (θ
k
aφ
lm + θkaθ
l
bξ
bm + θkaθ
l
bθ
m
c G
bc)ǫjklm,
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where aaa˙ is the self-dual gauge field, ξ
bm and ξ¯a˙j are the on-shell gluinos, φ
lm are the
six on-shell scalars, and Gbc is the anti-self-dual field strength. The N = 4 self-dual
super-Yang-Mills action for these component fields is
S = Tr
∫
d4x[(∂aa˙a
a˙
b + ∂ba˙a
a˙
a + [aaa˙, a
a˙
b ])G
ab + ξbm∇bb˙ξ¯
b˙
m +∇aa˙φ
jk∇aa˙φlmǫjklm], (5.5)
where ∇aa˙ = ∂aa˙ + aaa˙. Note that this action has the same spectrum as ordinary N = 4
super-Yang-Mills but has different interactions [15].
Unlike the pure spinor formalism, there are no massive states in the cohomology of Q
of (3.7). As in the N = 0 self-dual string, this is because the constraints CJ∂YaJ in the
BRST operator imply that all states in the cohomology are independent of the nonzero
worldsheet modes of YaJ and (C
J , BJ). Furthermore, states are independent of nonzero
modes of (λa, wa, e, f, g, h) because of the terms fλ
a∂λa and h(−λawa + CJBJ + 2ef) in
Q. The absence of physical massive states will be verified below by showing there are no
massive poles in the scattering amplitudes.
6. Self-Dual Super-Yang-Mills Tree Amplitudes
To compute N -point tree amplitudes in this formalism, one uses the same prescription
as before that
A = 〈V1(z1)V2(z2)V3(z3)
∫
dz4U4(z4)...
∫
dzNUN (zN )〉. (6.1)
Since the unique state at ghost-number three in the cohomology is
λaλbλcψa˙ψa˙θ
j
aθ
k
b θ
l
cc
mǫjklm, (6.2)
one should define normalization of the zero modes by
〈λaλbλcψa˙ψa˙θ
j
aθ
k
b θ
l
cc
mǫjklm〉 = 1. (6.3)
Although this normalization appears strange, it is obtained from the d = 10 normalization
〈(λγmθ)(λγnθ)(λγpθ)(θγmnpθ)〉 = 1 by performing the dimensional reduction of (4.10) and
(4.12) where one sets λaj = λacj , λ¯a˙j¯ = 0, and ψa˙ = cj θ¯a˙j¯ .
One can easily check that this tree amplitude prescription reproduces the desired self-
dual super-Yang-Mills amplitudes, which vanish unless the external momenta are chosen to
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lie in the same “self-dual plane”. To see this, note that when the self-dual gauge superfield
AaJ (Y ) is onshell, it can be expressed as
Aaa˙(Y ) =
∫
d4κ π¯a˙e
ipib(p¯ib˙x
bb˙
+κjθbj)Φa(π, π¯, κ), (6.4)
Aaj(Y ) =
∫
d4κ κje
ipib(p¯ib˙x
bb˙
+κjθbj)Φa(π, π¯, κ),
where Φa(π, π¯, κ) is unconstrained, paa˙ = πaπ¯a˙ is the momentum, and κj is the fermionic
conjugate momentum to πaθaj . These superfields can be expressed in OSp(4|2)-covariant
notation as
AaJ(Y ) =
∫
d4κ Π¯Je
ipibΠ¯JYbJΦa(π, Π¯), (6.5)
where Π¯a˙ = π¯a˙ and Π¯j = κj . Since
∂aJAbK = i
∫
d4κ πaΠ¯JΠ¯Ke
ipicΠ¯LYcLΦb(π, Π¯),
AaJ of (6.5) satisfies (5.2) where
FJK = i
∫
d4κ Π¯JΠ¯Ke
ipicΠ¯LYcLπaΦa(π, Π¯).
So the onshell unintegrated vertex operator is
V = λaCJAaJ(Y ) =
∫
d4κ(CJ Π¯J )(λ
aΦa(π, Π¯)) exp(iπ
bΠ¯JYbJ). (6.6)
To show that scattering amplitudes of these vertex operators satisfy the integrability
properties of self-dual Yang-Mills, note that
Q(eipi
bΠ¯JYbJ ) = i(λaπa)(C
JΠ¯J )(eipi
bΠ¯JYbJ )
where Q =
∫
dz(λaCJ∂YaJ + ...). So V can formally be written as
V = Q[(λaπa)
−1Ω] (6.7)
where
Ω = −i
∫
d4κ(λaΦa(π, Π¯)) exp(iπ
bΠ¯JYbJ).
Since (λaπa)
−1 has singularities when λa is proportional to πa, (λaπa)
−1 is not globally
defined and V is not BRST-trivial. However, the product of two onshell vertex operators
can be expressed either as
V1V2 = Q[(λ
aπ1a)
−1Ω1V2] or V1V2 = Q[(λ
aπ2a)
−1V1Ω2]. (6.8)
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As long as π1aπ
a
2 is nonzero, either (λ
aπ1a)
−1 or (λaπ2a)
−1 is nonsingular. So whenever
π1aπ
a
2 is nonzero, V1V2 is BRST-trivial. This implies that N -point tree amplitudes vanish
unless πarπsa = 0 for all 1 ≤ r, s ≤ N , i.e. unless all external momenta are in the same
“self-dual plane”. This is consistent with the absence of massive states in the spectrum
since πarπsa = 0 implies that all intermediate states are massless.
Unlike amplitudes computed using the N = 0 version of the self-dual string, the
amplitudes computed using this N = 4 formalism are manifestly Lorentz covariant. This
does not cause contradictions for loop amplitudes since all N = 4 self-dual loop amplitudes
are vanishing [15]. Furthermore, one can check that if one computes the field theory action
S = 〈V QV + V 3〉 (6.9)
using the normalization of (6.3) and the string field V = λaCJAaJ (Y ), one reproduces the
self-dual super-Yang-Mills action of (5.5).
7. Conclusions and Speculations
In these proceedings, an open string theory for N = 4 d = 4 self-dual super-Yang-Mills
was constructed which is related to the d = 10 pure spinor formalism of the superstring.
Since the coupling constant of self-dual (super)-Yang-Mills can be eliminated by scaling
Gab and aaa˙ of (5.5) in opposite directions, self-dual (super) Yang-Mills is essentially a
free theory. However, one can obtain the full (super) Yang-Mills action from the self-dual
(super) Yang-Mills action of (5.5) by adding the perturbation term
Spert = gYM
∫
d4xGabGab (+ supersymmetric terms) (7.1)
where gYM is the Yang-Mills coupling constant and G
ab is the anti-self-dual field strength
of (5.4). It is therefore important to understand the perturbation of (7.1) which turns
self-dual (super) Yang-Mills into ordinary (super) Yang-Mills.5
5 At the Strings 2003 talk, it was speculated that this perturbation might be related to
deforming the R4 background to an AdS4 background. In an AdS4 background, the SL(2, R)
and OSp(4|2) rotations of YaJ combine with the R
4|8 translations of YaJ to form a supergroup
OSp(4|4). Since the OSp(4|4) supergroup treats chiral and antichiral spinor indices in a symmetric
manner, it was hoped that the string theory in this AdS4 background might describe the fullN = 4
super-Yang-Mills theory. However, there is a simple argument which makes this speculation
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Recently, it has been understood how to describe this perturbation using string theo-
ries in twistor space [8]. It would therefore be very interesting to relate these string theories
in twistor space with the string theory in (x, θ) space which has been described here. Such
a relationship would not be surprising since the pure spinor formalism for the superstring
is closely related to theories in ten-dimensional twistor space [20]. Furthermore, equations
(6.4)- (6.8) for vertex operators and scattering amplitudes in this string theory resemble
twistor constructions involving the Penrose twistor-transform.
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unlikely. If one performs an O(4) R-symmetry transformation which is not in the SO(4) subgroup
of OSp(4|2), the self-dual super-Yang-Mills action of (5.5) transforms with opposite sign from the
gY M
∫
d4xGabGab perturbation term. But since the term in the worldsheet action which deforms
R4 to AdS4 is invariant under these O(4) transformations, it cannot be responsible for this change
in sign.
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